Development of agriculture and economic sector has become a subject to the current deforestation of tropical wetland region. The aim of the present study was to investigate the effect of deforestation on secondary tropical peat swamp forest (TPSF) by comparing macro-nutrients and others selected peat soil chemical properties of secondary TPSF and deforested secondary TPSF site. Peat soil samples were collected from two different plots at Batang Igan, Sibu, Sarawak, Malaysia. The plots were secondary TPSF where this area has been logged, but has not been cleared, while the other plot was clearing area where the forest has been cleared for agriculture. Sixteen soil samples were taken in each plot at a depth of 0 to 15 cm. All samples were taken randomly using peat auger. The samples were air dried and ground to pass through a 2 mm sieve. Soil pH was determined in water and potassium chloride (KCl) at ratio 1:2.5 using a pH meter. The loss on ignition method was used to determine soil organic matter and total carbon. Soil cation-exchange capacity (CEC) was determined by the leaching method. Total nitrogen was determined by the Kjeldahl method. The total phosphorus (TP) and total potassium (TK) were extracted by the aqua regia method followed by the blue method to determine TP, and TK was measured using atomic absorption spectrophotometer. pH water , soil CEC, soil organic matter, total C, total P, total K and C/N ratio were significantly higher in secondary TPSF when compared with deforested secondary TPSF, while the pH KCl and C/P ratio content was statistically higher for deforested secondary TPSF. Deforestation of secondary TPSF significantly decreased soil pH water , CEC, SOM, total C, total N, total P, total K and C/N ratio, but significantly increased soil pH KCl and C/P ratio.
INTRODUCTION
Peat swamp forests of Sarawak have vegetative and edaphic characteristics similar to those in Sumatra and Peninsular Malaysia. The peat soil is predominantly organic matter, which is built up behind mangrove swamps.
*Corresponding
author. E-mail: seca@btu.upm.edu.my, secags@yahoo.com. They are ombrogenous, or rains fed, and are recent in origin (Morley, 1981) . Peat swamp forests form when sediments build up behind mangroves as rivers drain toward the coast. Over time, these areas build up and eventually form domes that are rarely flooded. Organic matter builds up, and peat deposits can extend up to 20 m. They occur in three geomorphic situations; lowland coastal swamps, inland swamps and valleys and high altitude which are free draining situations and highland swamps. In Sarawak, peat soils occur in large basin swamps and in small interior valleys that have developed in comparatively recent times (Andriesse, 1988) . Deforestation is a cleared forest or stand of trees where the land is thereafter converted to a nonforest use. Conversions of forestland to agriculture or for urbanization are examples of deforestation. Changes in rural economy and transmigration of native people in Sarawak to big city are among land development. In Malaysia, estimation of about 2.5 million hectares peat lands can be found and the largest peat land is Sarawak estimated at 1.8 million hectares (Muniandy et al., 2009) .
About 3.3% of earth surface consists of peat land (Hadi et al., 2001 ) and this peat lands contain about 15 to 25% of earth terrestrial carbon and nitrogen (Batjes, 1996) . Peat soils have three levels degree of decomposition. The low level of peat decomposition where the organic matter is less decomposed is called fibrists. Partly decomposed is hemist and mostly decomposed is saprists (Nuri et al., 2011) . Peat soils are high in total nitrogen (0.5 to 2.1%) and organic carbon contents range from 12 to 60% (Andriesse, 1988) . The surface of peat soils contains more C when compared with the subsoil values, such as 58% at the surface and 25% in the subsoil and typical of deep peat soils (Kanapathy, 1976) . The aim of the present study was to compare total major macro-nutrients (NPK) and other selected peat soil chemical properties of secondary tropical peat swamp forest (TPSF) and deforested secondary TPSF to investigate the effects of clearing trees on secondary TSPF.
MATERIALS AND METHODS
Peat soil samples were collected from two different plots at Batang Igan, Sibu, Sarawak, Malaysia. The plots were secondary TPSF where this area had been logged, but has not been cleared, while the other plot was a deforested area where the forest had been cleared for agriculture. Each area was divided into 3 sub plots where the size of each experimental plot was 20 × 50 m. Sixteen soil samples were taken in each plot at a depth of 0 to 15 cm. All samples were taken randomly using peat auger. The samples were air dried and ground to pass through a 2 mm sieve.
The soil pH was determined in water and potassium chloride (KCl) at ratio 1:2.5 using a pH meter (Tan, 2005) . The loss on ignition method was used to determine soil organic matter (SOM) and total C (TC) (Fiala and Krhovjakova, 2008) . Soil cationexchange capacity (CEC) was determined by leaching method followed by steam distillation technique (Cottenie, 1980; Berg and Gardner, 1978) . Total nitrogen (TN) was determined by the Kjeldahl method followed by steam distillation technique (Jones, 2001) . Total phosphorus (TP) and total potassium (TK) was extracted by the aqua regia method (Zarcinas et al., 1987) followed by blue method (Bray and Kurtz, 1945) . TK was measured using atomic absorption spectrophotometry (Analyst 800, Perkin Elmer Instruments, Norwalk, CT). Unpaired t-test was used to compare variables between both sites by using The Statistical Analysis System (SAS) (SAS, 2001 ). Table 1 shows the major macronutrient (NPK) and other selected chemical properties of secondary TPSF and deforested TPSF. For soil pH water and CEC, the secondary TPSF area was significantly higher than the deforested TPSF and this was contrary to pH KCl where deforested TPSF had higher value. However, the pH of both areas was in the usual range of peat soils (Fiore and Zanetti, 2009) .
RESULTS
The total C and SOM in the secondary TPSF were higher than that of deforested TPSF. Additionally, nitrogen, phosphorus and potassium values were significantly higher in the secondary TPSF when compared with those of deforested TSPF. The C/N ratio of the secondary TPSF was higher when compared with that of deforested TSPF and the opposite was true for C/P ratio (Table 1) .
DISCUSSION
The soil pH water in secondary TPSF was significantly higher as compared to deforested TPSF, but different with pH KCl where deforested TPSF was significantly higher as compared to secondary TPSF (Table 1) . This was because leaching of basic cation in the deforested site was not uniform due to trees removal. However, the soil pH of both areas was acidic because the cultivated area was new. The pH of typical tropical peat soils ranged from 3.2 to 4.0 (Mohamed et al., 2002) .
Soil CEC values of peat soils are higher and this depends on soil pH. As the pH increases, CEC increases and vice versa (Salimin et al., 2010; Tie, 1988) . The CEC of secondary TPSF was significantly higher as compared to TPSF. CEC is linked closely to the organic matter content of the soil where it increases gradually with time where organic residues are retained, first in the topsoil and later at greater depth. This suggests that the higher CEC value in secondary TPSF was due to high organic matter (Table 1) , while the CEC value decreased in deforested TPSF area because of the land clearing (removal of forest residue and organic matter) during cultivated management practices (Reeves, 1997) .
SOM is an essential, but transient component of the soil that controls many physical, chemical and biological properties of the soil. In this study, there was significant difference in the percentages of SOM where the value decreased from forest to clearing TPSF. Magdoff and van Es (2000) stated that timber harvesting and land clearing for cultivation purposes caused destruction of the native vegetation cover and tillage of soils, a process which results in a rapid decay of the organic matter accumulated over a long period of time.
The total carbon of the secondary TPSF and deforested TPSF were in the range at 12 to 60% as reported by Andriesse (1988) . However, the total carbon content was significantly different for both areas (Table  1 ). The total carbon is related to the soil organic matter as the secondary TPSF had higher organic matter and this soil organic matter is a major source and sink of atmospheric carbon (Brady and Weil, 2002) . Thereby, aerobic degradation may become prominent and consequently accelerating organic matter decomposition, where these processes probably led to more CO 2 evolution (Satrio et al., 2009b) .
Nitrogen is one of the important elements in peat soils. It is largely affected by environment factors such as pH, moisture condition, temperature and land use and substrate factor, such as origin of peat soils and peat decomposition stage. There was significant difference between soil total nitrogen content of secondary TPSF and deforested TPSF (Table 1) . However, the values Ismawi et al. 2227 were in the range of 0.05 to 2.05% (Mohamed et al., 2002) . Afforestation influences the content of amino sugar in soils, whereas cultivation reduces the content of amino sugar (Zhang et al., 1999) . This report showed that land use changed the composition of nitrogen in soils. Total phosphorus of the soil in secondary TPSF and deforested TPSF was different in both local times. Total P was decreased after forest clearing. Satrio et al. (2009a) reported that total P was higher in peat soil because peat is an organic soil which contains large amount of decomposed organic matter. Golchin et al. (1995) stated that as the peat land is tempered with, decrease in organic matter leads to decrease in P.
Total potassium in the secondary TPSF was higher as compared to deforested TPSF site. It is suggested that trees can utilize both directly or indirectly atmospheric nitrogen and potassium or increase the availability of these elements in the soil (Carey and O'Carroll, 1981) . Much of the K found in peat soils is readily available, once it is used up, K deficiency in soil become severe.
Peat soil in open condition without forest cover and presence of high rainfall causes leaching, while with sufficient drainage system in land development, it will increase potassium uptake that will lead to decreasing of total potassium content in cultivated peat soil (Andriesse, 1988) .
The level of humification in both sites was significant based on its C/N and C/P ratio. C/N ratio in secondary TPSF area was higher than in deforested TPSF. But different with C/P ratio, clearing TPSF area was higher than in secondary TPSF. The C/N and C/P ratios decreased due to mineralization. Decrease in organic matter content was caused by mineralization and humification (Bustamante et al., 2008) .
Conclusion
Changes in rural economy and transmigration of native people in Sarawak to big city are among land development. Conversion of primary TPSF to secondary TPSF through logging operations changed the chemical properties in soil. Secondary TPSF significantly increased soil macro-nutrient, soil pH water , CEC, SOM, total C and C/N ratio, but significantly decreased soil pH KCl and C/P ratio.
Deforestation is a cleared forest or stand of trees where the land is thereafter converted to a non forest use. Deforestation of secondary TPSF significantly decreased soil pH water , CEC, SOM, total C, total N, total P, total K and C/N ratio, but significantly increased soil pH KCl and C/P ratio. 
